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Abstract. A positive fold test and a negative 
conglomerate test help determine when and how 
stable remanence was acquired in the Middle 
Ordovician Table Head Group limestones of the Port 
au Port Peninsula of Newfoundland. The limestones 
magnetized after iithification and incorporation 
as clasts into a Middle Ordovician breccia. 
Hence, the limestones do not carry a detrital or 
other primary remanence despite their very low 
conodont colour alteration index of 1. The 
remanence may be thermoviscous or diagenetic and 
was acquired before Devonian folding. This 
suggests the need for caution in interpreting 
paleomagnetic results from other early Paleozoic 
limestones whose remanence resides in magnetite of 
blocking temperature lower than 400øC. 
Introduction 
The Middle Ordovician Table Head Group 
carbonates (mostly limestones) of the Port au Port 
Peninsula of western Newfoundland have been shown 
by Deutsch and Prasad (1987) to typically carry a 
remanence stable to about 450øC and directed 
southeasterly at about 41 ø below horizontal. 
Deutsch and Prasad (1987) interpreted this as an 
original Middle Ordovician remanenoe but pointed 
out that a proper fold test had not been carried 
out. Both a fold test and a conglomerate test of 
when the remanence was acquired will be described 
Fig. 1. Paleomagnetic sampling sites 1 to 6 in 
the Middle Ordovician Table Head Group carbonates 
(shown stippled) on the Port au Port Peninsula of 
western Newfoundland. Geology after Williams 
<1985). 
clasts that were large, flat and bedded were 
in the present paper. These tests also shed light selected for sampling. The bedding plane attitude 
upon the mechanism of remanence acquisition and 
upon the likelihood of obtaining a reliable 
magnetostratigraphy for carbonates near the 
Cambro-Ordovician boundary at the proposed world 
stratotype section at Green Point. (Figure 1). 
Sampling and Measurement 
of each clast was measured in the field but 
original tops of beds could not be determined. The 
clasts were later reoriented and drilled in the 
laboratory. 
Cylindrical specimens of about 2.1 cm length 
and 2.3 cm diameter were cut from each of the 
oriented block samples. Guided by the experience 
of Deutsch and Prasad (1987) who found thermal 
Deutsch and Prasad (1987) collected their Table demagnetization more effective than alternating 
Head Group carbonates from the Port au Port field (AF) demagnetization, one specimen from each 
Peninsula at the West Bay and Aguathuna quarries block sample was first AF demagnetized using 5 and 
where the gentle dip of bedding did not allow a then 10 mT; then it was thermally demagnetized by 
meaningful fold test. Prasad (1986) had also heating successively to 200, 300, 330, 360, 390, 
collected from sites at Cape Cormorant where 420 and 450øC in field - free space. Remanent 
bedding dipped steeply, but large dispersion in magnetization was measured initially (NRM) and 
stable remanence directions led Deutsch and Prasad after each step in demagnetization. Schonstedt 
(1987) to exclude these sites from discussion. My GSD-1 and TSD-2 demagnetizers and a CTF cryogenic 
fold test is based on block sampling at sites magnetometer were used. 
numbered 1 to 6 in Figure 1. 
I also attempt the first conglomerate test for 
the Port au Port Peninsula at site 1 (Black Cove) 
where Table Head Group limestones occur as clasts 
in a limestone conglomerate-breccia at the top of 
the Table Head Group (Klappa et al 1980). Those 
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Results of the Conglomerate Test 
On demagnetizing, the remanence of clasts of 
Table Head Group limestone in the breccia at site 
1 behaves in a similar manner to that described 
for the Table Head Group by Deutsch and Prasad 
(1987). Figure 2 shows the change in remanence on 
demagnetization for two limestone breccia clasts 
with very different attitude of clast bedding. AF 
demagnetization to 10 mT typically reduces the 
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Fig. 3. Characteristic remanence directions of 
stable clasts of Table Head Group limestone in the 
Middle Ordovician conglomerate-breccia at site 1 
before and after correcting for tilt of the 
bedding of each clast (assuming none are 
overturned). 
Results of the Fold Test 
remanence intensity by about a quarter and moves 
the in situ remanence towards a less steep 
southeasterly direction. The subsequent thermal 
demagnetization reduces intensity to about 25% of 
NRM by 360øC and generally leads to a stable end- 
Sites 2 to 6 were in limestones of the Table 
Head Group. On demagnetization, these behave much 
like the limestone clasts in the breccia at site 
1. That is, most samples attain a stable end- 
point before becoming unstable between 390 ø to 
420øC. However, all four samples at site 6 and 
two of the four samples at site 3 are unstable; point before the sample becomes unstable between 
390 to 420øC. The intensity and direction changes hence, these two sites are not further used (even 
on demagnetization are generally less smooth t an though the two stable samples at site 3 support 
reported by Deutsch and Prasad (1987) probably 
because my use of a laboratory with much higher 
magnetic field gradients and fluctuations led to 
larger spurious remanences acquired on thermal 
demagnetization. 
Of the 16 clasts measured, 11 reach stable end- 
points on demagnetization. The stable directions 
obtained by averaging the directions after 
demagnetization to 300øC, 330 ø and 360 ø and 
sometimes 390 ø from each of these 11 clasts have 
been plotted in Figure 3 both before and after 
correction for tilt of the bedding of the 
individual clasts. The scatter of remanence 
directions is much greater after this tilt 
correction (m9s increasing from 10 ø to 23 ø ) and 
would likely be further increased if we could 
identify and correct for those clasts that are 
overturned. Certainly remanence is not at a 
constant angle to clast bedding as expected of 
primary remanence. This negative conglomerate 
test shows that the clasts were magnetized after 
incorporation into the breccia bed. 
the positive fold test). 
The average stable remanence direction for each 
stable site is listed in Table 1 along with the 
usual range of blocking temperatures over which 
each stable sample's directions were averaged to 
obtain its characteristic direction. As seen in 
Figure 4, the site mean remanences are much more 
closely clustered after tilt correction. This is 
a positive fold test at 99% confidence using the 
test of McElhinny (1964). This shows that 
remanence was acquired before folding which is 
thought to be of Devonian age (Williams 1985). 
Averaging the site means of Table 1 gives a mean 
tilt-corrected direction (D-157 ø, 1-47ø,m95-11 ø) 
not significantly different from that reported by 
Deutsch and Prasad (1987) and yields a virtual 
paleopole at 11øN, 142øE (dm-9 ø, dp=11ø). 
Discussion 
The remanence of the Table Head Group 
carbonates likely resides in magnetite (Deutsch 
Gurnett: Aircraft Vortex Trails and Magnetic Merging 
TABLE 1. Mean Characteristic Remanence Direction For Each Stable Site 
Site Attitude of Bedding Characteristic Remanence 
Strike Dip N/No D I k a95 
Blocking 
Temperatures 
Used 
1 208 ø 23øW 11/16 151.3 ø 44.2 ø 23.7 9.6 ø 300 to 390øC 
2 200 ø 14øW 3/4 154.4 ø 36.6 ø 70.7 14.8 ø 300 to 420øC 
4 245 ø 52øN 5/5 153.5 ø 55.4 ø 30.2 14.2 ø 300 to 420øC 
5 24 ø 48øS 3/4 168.3 ø 49.9 ø 71.1 14.7 ø 300 to 390øC 
Sites are as shown in Fig. 1; N/No, number of sample characteristic directions used in computing 
site mean/number of samples measured (each from an independently oriented block); D, 
declination; I inclination; k Fisher's precision parameter; a95, radius of the circle of 95% 
conf • ... ; beds restored to hori_zo_ntal by tilting about the strike' samples demagnetized as 
explained in text. 
and Prasad 1987) which one might have expected to into the breccia and hence after lithification of 
carry a Middle Ordovician detrital remanence the limestone in the clasts, ruling out a detrital 
(Prasad 1986, p. 162). Retention of detrital remanence. 
remanence should have been aided by !ithificatton Could the Table Head Group have remagnetized 
having occurred soon after deposition; rapid during post-lithification heating? The conodont 
lithification is shownby the clasts collected colour alteration index is only 1 for these 
from the Middle Ordovician breccia at site 1 being carbonates (Nowlan and Barnes 1987) suggesting a 
undeformed despite being large and thin (of maximum temperature of about 65øC if applied for a 
average dimensions 25 x 18 x 4cm) proving that the million years according to the dry air Arrhenius 
limestone in the clasts had been both deposited plots of Epstein et al (1977). This would only be 
and lithified in the Middle Ordovician before enough to remagnetize magnetite with blocking 
incorporation into the breccia. Nevertheless, the temperatures below 200øC according to the theory 
negative conglomerate test proves that the Table 
Head Group clasts magnetized after incorporation 
IN SITU 
TILT CORRECTE 
Fig. 4. Mean characteristic remanence directions 
for the stable sites 1, 2, 4 and 5 with their 
circles of 95% confidence shown in situ and after 
correcting for tilt of bedding (that of the 
of Pullaiah et al (1975). However, this theory 
may greatly underestimate the maximum blocking 
temperature that will be remagnettzed as suggested 
by the field examples of Kent (1985) and Jackson 
and Van der Voo (1986). As shownby Enkin and 
Dunlop (1988), this underestimation is probably 
due to the magnetite being in larger than single- 
domain grains. Hence because the magnetite in the 
Table Head Group limestone could be multidomain 
and because the dry air Arrhenius plots of Epstein 
et al (1977) may underestimate paleotemperature 
(Hodych et al 1985), it is possible that the 
stable remanence in the Table Head Group is 
thermoviscous. If so, the heating cycle 
responsible was not likely due to the Acadian 
orogeny since the remanence predates Devonian 
folding but it may have been associated with 
burial under the Humber Arm Allochthon in the 
Middle Ordovician. 
It is also possible that the magnetization was 
acquired during diagenetic growth of magnetite. 
For example, Jackson et a! (1988) argue that 
Devonian carbonates of New York State carry a 
stable chemical remanence due to growth of 
authigenic magnetite caused by temperature- 
dependent diagenesis triggered by orogentc fluids. 
Such a mechanism of remanence acquisition in the 
Table Head Group might be associated with the 
Taconic Orogeny in the Ordovician. It could even 
be associated with the Acadian Orogeny in the 
Devonian provided the orogentc fluids triggered 
magnetite production before folding which seems 
possible according to the model of Oliver (1986). 
However, Devonian acquisition of magnetization is 
not favoured by the paleopole position yielded by 
conglomerate bed rather than the individual clasts the Table Head Group. 
in the case of site 1). The cross shows the mean The negative conglomerate test for the Table 
characteristic remanence direction obtained by Head Group of the Port au Port Peninsula bars 
Deutsch and Prasad (1987) for the Table Head Group using its remanence to help define a mid- 
with its circle of 95% confidence shown dashed. Ordovician paleopole for North .America (as 
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attempted by Deutsch and Prasad, 1987). Indeed, 
the present study suggests that caution is needed 
in defining polar wander paths using any early 
Paleozoic limestones whose remanence resides in 
magnetite of blocking temperature lower than 
400øC. Caution will also be needed in using such 
rocks for magnetostratigraphy. For example, 
Ripperdan and Kirschrink (1988), mostly using 
carbonates, find evidence of a normal polarity 
interval near the Cambro-Ordovician boundary at 
some proposed world stratotype sections, but not 
at others including that at Green Point, western 
Newfoundland. The negative conglomerate test for 
the Port au Port Peninsula suggests that the 
carbonates at Green Point may also have magnetized 
after lithificatton since the remanence at Green 
Point is likely carried by magnetite of similar 
blocking temperatures (Judging from carbonates at 
Cow Head near Green Point studied by Prasad, 1986) 
and was heated to slightly higher temperatures (a 
conodont colour alteration index of 1.5 being 
reported by Nowlan and Barnes, 1987). Post- 
ltthification magnetization at Green Point is also 
suggested by Prasad's (1986, p. 188) observation 
that many of the carbonate clasts in a Middle 
Ordovician breccia at Cow Head magnetized after 
incorporation into the breccia. 
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